Introduction
Focal or diffuse dilatation of coronary artery up to 1.5 times the adjacent normal vessel with a width to length ratio of the dilated segment <1 differentiates a coronary artery ectasia (CAE) from a coronary artery aneurysm (CAA: >1.5 times and width: length >1). Based on the number and extent of vessels involved it's further classified into four
Learning points
• Coronary ectasia can complicate acute myocardial infarction with huge thrombus burden that is resistant to conventional thrombus management strategy.
• Thrombus retrieval devices like Solitaire AB system can work 1 Localized CAE involving a single vessel is classified as Type IV and is one of the most frequent types, most commonly involving the proximal or mid-right coronary artery (RCA). 1 Coronary artery ectasia can present as acute myocardial infarction with or without an underlying plaque event and can complicate primary percutaneous intervention (PPCI) because of the associated high thrombus burden that can cause distal embolization and no reflow. The success of PPCI in the presence of CAE is suboptimal due to slow flow during the procedure and floating stent struts in the ectatic segments leading to recurrent events in the long term.
2,3
Timeline Case presentation
A 30-year-old male smoker presented with a 2 h history of compressive type of central chest pain, associated with sweating and radiation to left shoulder. It was not associated with nausea, vomiting, breathlessness, or syncope and there were no other conventional risk factors of coronary artery disease (CAD). His prior functional capacity was good without any angina or dyspnoea.
In the emergency room, he was anxious with a pulse rate of 90 b.p.m. and a blood pressure of 130/80 mmHg. The neck veins were not distended. His room air oxygen saturation was 99%, with normal heart sounds and there were no murmurs or rales on auscultation. An electrocardiogram (ECG) showed sinus rhythm with ST-segment elevation inferior wall myocardial infarction ( Figure 1A) . Transthoracic echocardiogram showed hypokinesia of the basal and mid-inferior wall with mild mitral regurgitation and adequate left ventricular ejection fraction. He was promptly transferred to the catheterization laboratory after loading with 325 mg of aspirin, 600 mg of clopidogrel, and 80 mg of atorvastatin. Coronary angiogram via right radial access showed an occluded proximal RCA ( Figure 2A ) and minimal disease of the left coronary artery ( Figure 3A and B, Supplementary material online, Video S1) and its branches.
Primary percutaneous intervention was planned and the RCA was engaged using a 6-Fr JR 3.5 guiding catheter. Repeat acquisition after crossing the RCA lesion with a 0.014 00 Floppy wire showed a huge ectatic segment ( Figure 2B and Supplementary material online, Video S1) involving the proximal to mid-RCA segment with a large thrombus within the ectatic segment. Repeated manual aspiration thrombectomy using a 6-Fr Export catheter failed to clear the thrombus. Intracoronary (i.c.) thrombolysis using 10 mg of tenecteplase induced recurrent ventricular tachycardia that was successfully cardioverted, but the thrombus burden was persistent. Our previous experience with Solitaire AB for thrombus retrieval from cerebral arteries in stroke patients prompted us to use it in this desperate situation. The Solitaire device is a self-expanding a-traumatic nitinol stent attached to a pusher and it requires a 2.4-Fr micro-catheter (Rebar) for its delivery and re-capture. The first step is to advance the microcatheter over the wire and to position its tip just distal to the thrombotic segment. After removing the wire, the solitaire is back loaded into the micro-catheter and pushed up to its tip that is already positioned in the coronary just distal to the thrombus. Now the microcatheter is pulled back using one hand, simultaneously maintaining the position of the solitaire device by holding the pusher in place using the other hand. This manoeuvre will un-sheath the device across the thrombus and entangles it. Next the device is pulled back into micro-catheter along with the entangled thrombus. Finally the micro-catheter and the recaptured solitaire device (with the retrieved thrombus) are pulled out of the guide catheter with simultaneous aspiration from the proximal hub of the guide catheter. Technically this leads to loss of the wire after each retrieval, and some operators prefer complete removal of the guide catheter; this also allows the operator to flush out any thrombus that might be retained within it. A line diagram ( Figure 4 ) is presented here to illustrate the procedural technique.
The 153 cm, 2.4-Fr Rebar micro-catheter was pre-loaded with a 0.014 00 Floppy wire and its tip was advanced distal to the thrombus in the ectatic segment over the wire. Then a 4 Â 20 mm Solitaire AB stent was back loaded into the micro-catheter (after removing the wire) and delivered to its tip ( Figure 2D ). The solitaire stent was unsheathed and deployed across the ectatic segment by pulling back the micro-catheter. The position of the deployed stent was confirmed by the radio opaque markers (distally four and proximally one) and its relation to thrombus was confirmed by a cine angiogram. The device was retrieved back into the micro-catheter and 
Time Events
Prior to presentation
• Asymptomatic smoker Day 1
• Acute chest pain for 2 h duration.
• Electrocardiogram showed ST-segment elevation inferior wall myocardial infarction.
• Coronary angiogram showed occluded proximal right coronary artery.
• Large coronary artery ectasia with huge thrombus noted during percutaneous coronary intervention.
• Thrombus refractory to aspiration thrombectomy.
• Intracoronary thrombolysis induced ventricular tachycardia-cardioverted.
• Thrombus retrieved using Solitaire and balloon dilatation done to the lesion below to establish thrombolysis in myocardial infarction (TIMI) II flow.
• Overnight tirofiban infusion and temporary pacemaker for transient atrio-ventricular block.
Day 2
• Repeat angiogram showed critical lesion below the ectatic segment.
• Right coronary artery lesion stented to achieve TIMI III flow. Day 3
• Temporary pacemaker removed. then into the guide catheter as an assembly to retrieve a large thrombus on the 3rd attempt ( Figure 2E and F) . Simultaneously, the guide catheter was aspirated to prevent escape of the thrombus while the stent collapses and enters the guide catheter. Repeat acquisition showed a tight lesion just after the ectatic segment with mild residual thrombus ( Figure 2G ). The stenotic segment was dilated with a 2.5 Â 15 mm non-compliant balloon and then i.c. nicorandil and tirofiban were given selectively into the distal RCA, through the aspiration port of the thrombo-suction catheter to achieve thrombolysis in myocardial infarction (TIMI) II plus flow. Post-thrombus retrieval ECG ( Figure 1B) showed significant ST-segment resolution. The patient was monitored on the coronary care unit for 24 h whilst receiving an intravenous tirofiban infusion and back-up temporary pacing. Stenting was not considered at this stage fearing intramural haematoma with i.c. thrombolytics and worsening of slow flow. Twenty-four hours later ECG ( Figure 1C) showed complete ST-segment resolution with a small Q wave in lead III. Repeat angiogram showed near total resolution of thrombus within the ectatic segment and the post-ectatic critical stenosis was further pre-dilated and stented using a 3 Â 28 mm everolimus eluting stent to restore TIMI III flow in the distal RCA and its branches ( Figure 2H and I, Supplementary material online, Video S1).
Care was taken to position the proximal edge of the stent exactly at the distal margin of the CAE and the proximal stent edge was flared by high-pressure post-dilation. The pacing lead was removed 24 h later and the lead III on ECG showed Q wave with T inversions ( Figure 1D) . The patient had an uneventful recovery subsequently and he is asymptomatic at 6-month follow-up. There was no history suggestive for Kawasaki's disease in childhood or any other autoimmune disorders and the stenotic lesion distal to the ectatic segment points to an atherosclerotic aetiology for the ectasia also.
Discussion
Late presentation after acute ST elevation myocardial infarction is the most important predictor for huge thrombus burden and no reflow phenomenon. 4 In addition, degenerated vein grafts and CAE 2 with acute coronary syndromes (ACS) are important causes as in this case. Independent of the thrombus burden CAE is known to cause slow flow by releasing inflammatory mediators. 5 Managing thrombus with i.c. medications and thrombo-suction using manual aspiration catheters can restore flow in situations of slow flow without large angiographically visible thrombus. Angiographically large fixed and partially organized thrombi as seen in this case with CAE are seldom affected by the above thrombus management strategies. Special devices are required to retrieve such thrombus. Arnous et al. 6 has reported a series of cases with large i.c. thrombus refractory to aspiration thrombectomy that were successfully retrieved using the ev3 Spider filter device. This is a distal embolic protection device conventionally used during degenerated vein graft interventions. Theoretically, this technique appears to have more control over the basketed thrombus and it is an over the wire technique throughout, hence there is no loss of wire access. Uribe et al. 7 has reported a case of left main thrombus in a patient without any conventional CAD risk factors that were successfully retrieved using a Solitaire AB stent system. In this case out of the many thrombus management strategy used, only the Solitaire AB device helped to retrieve the thrombus and establish an antegrade flow on the 3rd attempt. Retrospectively it appears a larger retriever system would have succeeded with fewer attempts but it involves the risk of scraping the endothelium of the proximal normal RCA segment. Similarly, the role of larger aspiration catheters is also debateable as we have used only a 6-Fr system in this case. Regarding the composition of the clot Silvain et al. 8 has demonstrated that the fibrin composition of a clot increases with increasing ischaemic time and vice versa for the platelet composition. In our case, whilst we did not study the extracted clot for its composition, we presume the clot to be more fibrin rich in spite of the relatively shorter ischaemic time because of its organized nature. The stasis aggravated by the CAE could have contributed for the fibrin rich nature of the clot by a mechanism that is somewhat similar to the stasis-related fibrin-rich clots that form with deep vein thrombosis. Moreover, the majority of the thrombus that was successfully extracted from cerebral arteries using these devices in stroke patients was red and fibrin rich, hence we presume that this system works better for organized and fibrin-rich clots than for friable and platelet-rich clots. Also refractoriness to tenecteplase argues against a fresh fibrin-rich clot. Thrombus retrieval has emerged as a first line treatment to restore cerebral flow in patients with acute ischaemic stroke 9 but the same is not true with CAD and cannot be extrapolated to ACS due to the following pathophysiologic differences between these two entities. The majority of ischaemic strokes are embolic in nature (cardio-embolic or athero-embolic from the carotids) as in situ atherosclerosis leading to a plaque event of the intracranial vessels is rare. 10, 11 Hence the thrombus causing ischaemic stroke is often organized whereas in ACS there is a plaque event that is complicated by onsite friable thrombus. Hence the distal embolization and slow flow during coarse manipulation of the thrombus by these devices in ACS is many fold compared with the retrieval of organized thrombus in stroke. Pulling these devices in the deployed state across the coronaries involves the risk of eroding a non-culprit plaque on its way back to the guide catheter. This is not a problem with the intracranial part of the cerebral vessels which are usually not diseased. However, in situations where the thrombus appears organized and refractory to the conventional methods such thrombus retrieval devices are useful as demonstrated in this case.
Conclusion
Angiographically visible thrombus that is refractory to i.c. medications and aspiration thrombectomy can be successfully managed using a stent retriever. To our knowledge, this is the first case report of the successful use of Solitaire AB stent retriever for thrombus retrieval from an ectatic coronary artery.
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Supplementary material is available at European Heart Journal -Case Reports online.
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